Abstract Neck pain is one of the most prevalent and costly health problems in the United States. It remains a complex, subjective experience with a variety of musculoskeletal causes. Although, cervical collars are a seemingly benign intervention, they can have adverse effects, especially when used for longer periods of time. It is feared that a long period of immobilization, can result in atrophy-related secondary damage. Many physicians cite anecdotal evidence of their clinical utility and soft cervical collars are often prescribed by convention for patients complaining of neck pain. The use of cervical collars to treat neck pain is an area of controversy. This review article examines the current evidence and studies related to recommending cervical collars for neck pain of a variety of etiologies.
Introduction
Neck pain is one of the most prevalent and costly health problems in the United States [1] . Among US residents, 50-70% will experience neck pain at least once in their lives, as many as one-third are affected each year, and about 10% suffer from neck pain at any given time [2] .
Surveys of the general population have found that the 1-year prevalence rate for neck and shoulder pain to be 16-18% [3] . It remains a complex, subjective experience with a variety of musculoskeletal causes. Almost 85% of all neck pain results from acute or repetitive neck injuries or chronic stresses and strain [4] .
Although the etiology of neck pain is usually known, it is often difficult to predict which patients will respond to conservative care and which patients will have persistent pain, despite several interventions. Most musculoskeletal conditions resulting in neck pain respond quickly to conservative treatment and heal without sequelae [5] .
Automobile-associated neck disorders may be more refractory. Ten years after the onset of neck pain, the majority of patients (79%) have improved, but less than half (43%) are pain free, and nearly one-third (32%) have persistent, moderate to severe pain [6] . Patients with generalized hypersensitivity to stimuli, usually suffer from greater symptoms of whiplash injuries. Also, those with higher initial levels of pain and disability after whiplash injury will have a worse outcome [7] . Table 1 discusses the ranges of motion afforded by the various cervical collars and braces [11] .
Soft cervical collars are the least restrictive, allowing the closest to normal range of motion. As many as 76% of patients report reduced pain with their use [12] . Although the collar may be of symptomatic benefit, there is no evidence on long-term outcome [13] . Many physicians cite anecdotal evidence of their clinical utility and soft cervical collars are often prescribed by convention for patients complaining of neck pain.
Although, cervical collars are a seemingly benign intervention, they can have adverse effects, especially when used for longer periods of time. It is feared that a long period of immobilization, can result in atrophy-related secondary damage. Atrophy-related secondary damage after immobilization in closed plaster casts has been described in muscle, bone, capsular, and tendinous tissue. Animal experiments have shown that structural changes can be detected in healthy muscle tissue after an immobilization period of only 1 week [14] . A transfer of this knowledge to soft cervical collars is difficult, because a soft collar allows a substantial degree of movement. Also, it is doubtful whether muscular changes can be attributed to wearing a cervical collar alone or whether they may be explained by physiologic mechanisms of pain avoidance [15] .
Hard collars are most commonly prescribed for cervical spine stabilization following either trauma, surgery, or fractures/dislocations. There are many documented adverse effects with hard collars including, pain, breathing restriction, tissue ischemia, difficult nursing care, increased risk of aspiration, and high costs [16] . While hard collars are an important part of acute injury and spine stabilization, they are not routinely used to manage pain.
The use of cervical collars to treat neck pain is an area of controversy. The available research in this area in general, finds limited roles for collars. Mechanism of injury, clinical symptoms, and response to bracing may vary based on diagnosis and etiology of neck pain. This review will examine the available evidence for recommending cervical collars based on the various etiologies of the neck pain.
Whiplash patients
Whiplash is currently defined as a traumatic injury to the soft tissue structures in the region of the cervical spine caused by hyperflexion, hyperextension, or rotation injury in the absence of fractures, dislocations or intervertebral disk herniations [17] . Symptoms may start immediately or be delayed. Patients with neck pain after a whiplash injury from a rear impact traffic accident commonly present to an ER or trauma center. After an osseous or neurological injury to the cervical vertebral column is excluded, the non-specific diagnosis of soft tissue sprain/strain or ''whiplash'' is made [18] . In clinical practice, the patient is often discharged with a soft cervical collar and analgesia for pain relief.
There are no established criteria or guidelines to help the clinician decide which patients should be prescribed a soft cervical collar and/or rest and neck immobilization. However, there have been several studies that address the efficacy of cervical collars compared with other treatments (mainly exercise and mobilization) for neck pain due to whiplash injury.
In a study published in 1986 by Mealy et al. [19] , 61 patients who sustained acute cervical whiplash injuries were randomized to either standard treatment or early active mobilization. The group assigned to active treatment received neck mobilization and daily exercises of the cervical spine. The patients assigned to standard treatment were given a soft cervical collar and were advised to rest for 2 weeks before beginning gradual mobilization. Pain intensity using a linear analog scale (0-10) and cervical range of motion (flexion, extension, rotation, and lateral bending), were both measured after 4 and 8 weeks. After 8 weeks, the group treated with early mobilization, fared better in terms of pain intensity and cervical movement. The authors concluded that initial immobilization after whiplash is associated with prolonged symptoms and more rapid improvement can be achieved through increased activity.
Mckinney et al. [20] assessed the long-term (2 year) effects of early mobilization in the whiplash population. A total of 247 patients presenting within 48 h after having a flexion-extension neck sprain from a road accident were randomly assigned to one of the three groups; a physiotherapy program, advice on mobilization, or conservative treatment (rest and cervical collar). After 2 years, 68% of the patients responded via a mailed questionnaire. Within this population, there was no significant difference in the percentage of patients with symptoms between the group receiving rest plus collar (46%) versus the group that received a specialized physiotherapy program (44%). However, in the group that received advice on early mobilization, a significantly lower percentage (23%) reported symptoms after 2 years. From this study we see that there may be psychological advantages in making patients responsible for their treatment, since the patients who received advice only fared better than the group assigned to physiotherapy. The authors concluded that Minerva body jacket [10] 14.0 15.5 0 advising whiplash patients on early mobilization results in better outcomes. Similarly, Rosenfeld et al. [21] sought to investigate the differences in two treatment protocols (active versus standard) with regard to pain and cervical range of motion in patients who sustained a whiplash injury. A total of 97 patients were randomized to four groups; active versus standard treatment and early (within 96 h) versus delayed (after 2 weeks) treatment. The active group was instructed on a home exercise program, while the standard group was given information about the mechanism of injury, instructed to rest for the first week, and was given the option of using a soft cervical collar. Cervical range of motion and pain intensity (measured by visual analog scale), were measured after 6 months. The group randomized to exercise fared better in terms of pain intensity reduction. A 30-point reduction (scale of 100) in pain was reported in the active group treated within 96 h. The active group which received delayed treatment (after 2 weeks) reported a 15-point reduction in pain. No differences could be seen in the improvement of cervical ROM between the active and standard treatment protocol. This study suggests that in whiplash patients, early activity is superior to rest and immobilization with regards to pain intensity.
Along these lines, a study by Borchgrevnick et al. [22] randomized patients with whiplash injury within the first 14 days to either return to their usual activities (no sick leave or cervical collar), or to have 14 days of sick leave from work and be immobilized with a soft cervical collar during that time. At 6 months, the ''act-as usual'' group had significantly improved outcomes with regard to subjective symptoms such as pain, stiffness, memory, and concentration.
In 1995, the Quebec task force (QTF) adopted a classification system of whiplash associated disorders (WAD) [23] . WAD grade 1 indicates neck complaints (such as pain, tenderness, and stiffness) but no physical signs, WAD grade 2 indicates neck complaints and musculoskeletal signs (i.e., decreased ROM or muscle weakness), WAD grade 3 indicates neck complaints and neurological signs, and grade 4 indicates neck complaints and fracture or dislocation.
A recent study [24] randomized 200 patients who presented to the ER within 48 h of a motor vehicle collision with WAD grade 1 or 2 to either immobilization with a soft cervical collar or to receive exercise with a physiotherapist. Both the groups were followed for 6 weeks and were compared in terms of VAS (visual analog scale) pain intensity and disability. The exercise group had lower VAS pain intensity and disability scores. The authors concluded that early exercise is superior to collar therapy in reducing pain and disability for whiplash injuries.
A Cochrane Database literature review [25] suggests that although there is a trend suggesting that active interventions are more effective than passive ones, no clear conclusion can be drawn. All of these studies suggest that not only are cervical collars not helpful for whiplash related neck pain and that they may even make matters worse by encouraging immobility.
Based on these studies, Logan et al. [26] concluded that the traditional use of soft collars for neck sprains and strains is no longer considered best practice. The temporary relief of pain and support given by a soft collar may prolong recovery of patients. They recommend the following protocol for management of whiplash injuries: No cervical collar, regular analgesia, early home exercise program, and physiotherapy if symptoms persist.
In contrast to the above studies, Kongsted et al.
[27] randomized a total of 458 patients who had been exposed to a rear-end or frontal car collision with symptoms within 72 h to three different intervention groups. One group was assigned to immobilization in a semirigid Philadelphia neck collar for 2 weeks, followed by instruction by a physical therapist about active mobilization. The second group (''Act as Usual'') received education about the natural course of whiplash and advice on early mobilization. The third group was assigned a 6-week course of physical therapy. Self-reported data at 1-year follow-up were used as the primary outcome measures. There were no significant differences found between the intervention groups with regard to their pain rating (scale of 1-10), disability (measured with the Copenhagen Neck Functional Disability Scale) or work ability after 1 year. Based on these results the authors concluded that earlier recommendations of active treatment regimens for whiplash patients should not be universally prescribed. These conclusions have been reproduced in other recent trials [28, 29] .
The issue that remains to be decided is whether cervical collars may in fact be harmful for whiplash patients. The two studies discussed below suggest that they may not be, provided that their use is limited to 10 days.
Gennis et al. [30] focused on the role of soft cervical collars in the early management of whiplash-injury-related pain. A total of 196 patients who were in the emergency department with neck pain following an automobile accident were randomized to either a soft cervical collar or to usual care. The patients in the soft cervical collar group were instructed to wear the collar as much as they could tolerate for the first 2 weeks after injury. The other group served as the control. Both the groups were advised to rest and given analgesics at the discretion of the treating physician. At 6 weeks follow-up there was no difference in the groups in terms of pain, complete recovery, or improvement. They concluded that soft cervical collars do not influence the duration or degree of persistent pain.
Dehner et al. [31] investigated the effects of 2 vs. 10 days of immobilization with a soft cervical collar, on pain, disability, and ROM in patients with WAD grade 2 whiplash injuries. The patients in this study, presented within 24 h of whiplash injury (WAD grade 2) to an emergency department. They were randomized to two therapy groups; 2-days vs. 10-days of immobilization with a soft cervical collar, 24 h a day. After 7 days, all patients started a standardized physical therapy program, 2-3 times a week for up to 6 weeks. Pain (assessed by VAS), disability (by VAS), and ROM were measured within 24 h of injury, and at 2 and 6 months. At both 2 and 6 months, there was no statistically significant difference between the groups for all measured outcomes (pain, disability, or ROM). The authors concluded that for patients with WAD grade 2 whiplash injury there is no difference between 2 and 10 days of immobilization with a soft cervical collar.
Therefore, there does not seem to be any significant benefit to extending the duration of collar usage. However, for those patients with acute neck pain, who prefer the use of a collar, it may be helpful, and at least for the first 10 days, it has not been found to be harmful.
Radicular neck pain
Cervical radiculopathy is a pathologic process involving the nerve root, arising from disk herniation, spondylosis, tumor, or trauma causing nerve root avulsion. Cervical radiculopathy may also occur in a setting in which no definite cause can be determined. The typical clinical picture is pain, paresthesia, weakness, or a combination of these symptoms [32] . In most studies, the pain is present in the upper limb more frequently than in the neck, although it is usually present in both the areas [33] . Cervical radiculopathy can usually be treated without surgery [34] . Although most studies discussing cervical collars for the management of pain have focused on whiplash patients, there have been a few that have studied patients with radicular pain.
Saal et al. [25] investigated 26 patients with cervical herniated nucleus pulposus and radiculopathy, most of whom presented with neurologic loss and were treated nonsurgically. All patients were treated with ice, rest, a hard cervical collar worn for up to 2 weeks, NSAIDs, traction, and strengthening exercises. Additionally, a physical rehabilitation program of 3 months duration was given to all patients, including instruction on body mechanics, adaptation of ADL's and proper cervical spine mechanics. More aggressive interventions were used (i.e. oral steroids, epidural injections) if there was no improvement with conservative measures. The patients were followed for a 1-year period. Data analyzed included symptom level, activity and function level, medication and ongoing medical care, job status, and satisfaction. After 1 year, 24 of the 26 patients were successfully treated without surgery and 20 of the 24 patients (83%) had good or excellent outcomes. None of the patients had progressive neurological loss, and all patients with motor loss reached neurologic improvement. The authors concluded that many cervical disk herniations, which are commonly referred for surgery, can be successfully managed with aggressive nonsurgical treatment.
In this study, there were no control or comparison groups. Therefore, no conclusion can be made about the efficacy of surgery versus nonsurgical interventions. Additionally, we cannot conclude which specific nonsurgical interventions should be implemented. Therefore, although this study may suggest that a rigid cervical collar plays a role in treating cervical radiculopathy, there remains no clear evidence for or against the use of cervical collars.
Persson et al. [35] , studied 81 patients with cervicobrachial pain of 3 months duration, in whom the distribution of the arm pain corresponded to the nerve root that was significantly compressed. The patients were randomly allocated to surgery, individually adapted physiotherapy, or a rigid cervical collar. The therapeutic effects were evaluated with respect to pain intensity by the Visual Analog Scale, function by the Sickness Impact Profile, and mood by Mood Adjective Check List. After 12 months, there was no difference in Visual Analog Scale, Sickness Impact Profile, or Mood Adjective Check List measurements among the groups.
Based on the above studies, no clear conclusion can be drawn as to the role of hard cervical collars for radicular pain. At best, these studies suggest that collars may be helpful when combined with other non-operative interventions.
Cervical collars for spine stabilization Most trauma patients in the US arrive at the hospital immobilized [36] . Routinely, this immobilization includes a hard spine board, a cervical collar, and a means to prevent rotation of the head. A hard cervical collar and a firm mattress are the standard means of immobilizing patients with documented unstable injuries in the ED or ICU before application of traction or definitive stabilization. The multicenter National Emergency X-Radiography Utilization Study (NEXUS) enrolled 34,069 patients and determined which trauma patients require radiological clearance of the cervical spine [37] . They determined that only patients with midline neck tenderness, focal neurologic deficits, altered mental status, intoxication, or a painful distracting injury require radiographs to exclude spinal injury. These criteria were 99.6% sensitive for clinically significant injuries. Therefore, if the patient is neurologically intact, alert, without neck tenderness, they can be cleared from the precautions clinically, without obtaining a radiograph.
Cervical collars have been found to be helpful in the management of spinal stabilization for atlantoaxial rotatory subluxation (AARS) and various cervical spine fractures. A study by Subach et al. [38] reviewed the management of 20 children (mean age 6.4 years) with AARS. All the patients had presented with torticollis and symptoms of neck pain and decreased cervical motion for a mean of 11.2 days before diagnosis. Five patients were initially treated with a rigid cervical collar and anti-inflamatory agents. A total of 15 patients were treated with cervical traction. All the patients were immobilized post-reduction for approximately 12 weeks. Four of the five patients in the collar group reduced spontaneously, whereas the fifth required cervical traction and eventual fusion for recurrence. Of the 16 patients treated with traction, normal atlantoaxial alignment was restored in 15. We see from this study that rigid cervical collars may play a role successfully managing AARS.
Kontautas et al. [39] concluded that nondisplaced axis fractures could be immobilized with a rigid cervical collar alone. Additionally, in a retrospective review of cervical spine injuries, the authors concluded that generally, vertical C2 body fractures are amenable to nonoperative treatment [40] . The C2 fractures in the study were immobilized with either a Minerva jacket, halo, or a rigid cervical collar. However, given the retrospective nature of the study and small sample size, recommendations regarding a specific device for external mobilization, cannot be made with certainty.
Conclusion
In whiplash patients, most studies suggest that early mobilization and activity is superior to immobilization and soft cervical collar use. However, more recent studies have not found any long-term benefits of early aggressive treatment as compared to immobilization. Therefore, no definite conclusion can be drawn about the efficacy of cervical collars in this population. Our conclusions are that cervical collars should not be universally recommended to all whiplash patients. However, for patients who find it useful for symptom relief, a soft cervical collar for 10 days or less has not been shown to have any adverse impact.
Rigid cervical collars have a well-established role in the acute management of trauma patients to prevent instability of the cervical spine. They also may play a role in the conservative treatment of certain types of cervical fractures such as nondisplaced axis fractures and C2 body fractures. However, since most of the studies done in patients with fractures, were case series and lacked an adequate control group, no specific recommendations can be made in this population.
Several studies suggest that hard cervical collars may play a role in the conservative management of cervical radiculopathy. However, sufficient evidence is lacking to advocate its routine usage. Further studies are needed for patients with non-traumatic axial neck pain, and radicular pain with or without trauma to understand the role that cervical collars may play in their management.
